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Abstract

Acylation of sodium isethionate with iso-
propenyl stearate at 200 C for 30 min gave a
95% vyield of sodium 2-sulfoethyl stearate, ace-
tone being the only byproduct. Acylation of
N-methyltaurine at 200 C for 90 min gave a 95%
vield of N-methyl-N-(2-sulfoethyl) stearamide
sodium salt. Corresponding surface active deriva-
tives were also prepared from pelargonie, laurie,
myristie, palmitie, oleic, phenylstearic and hy-
drogenated tallow fatty acids from their respec-
tive isopropenyl esters. Detergency, foam height,
wetting time, lime soap dispersing power, critical
micelle coneentration and other surfactant prop-
erties were evaluated. Optimum properties were
found at the C14-Cis fatty acid chain length.
Unsaturation or branching increased solubility.
The 2-sulfoethyl esters were similar to the N-
methyl-N-(2-sulfoethyl) amides in foam height,
wetting ability and lime soap dispersing power,
superior to the N-methyl-N-(2-sulfoethyl) amides
in detergency, but inferior in calcium stability
and less stable to acid and alkali. Both com-
pounds are readily biodegraded. The fatty iso-
propenyl ester synthesis has an advantage in
yield and purity of the product and could in-
crease the utilization of the 2-sulfoethyl esters
and N-methyl-N-(2-sulfoethyl) amides in many
applications.

Introduction

In the early 1930’s, I.G. Farbenindustrie re-
searchers reported the synthesis of surfactants by
means of the fatty acylation of sodium isethionate
and N-methyltaurine which were marketed under the
trade names “Tgepon A” and “Igepon T (1-3). A
variety of procedures, designed to reduce time and
production costs, have been proposed for the prepara-
tion of the 2-sulfoethyl esters: (a) The reaction of
a fatty acid chloride with sodium isethionate (1,4,16).
(b) The reaction of a fatty acid and sodium isethi-
onate (5,1). (¢) The reaction of a fatty acid with
carbyl sulfate (1). (d) The reaction of sodium salt
of a fatty acid with chloroethanesulfonie acid salts
(1). (e) The reaction of chloroethyl ester of a fatty
acid with sodium sulfite (6). (f) The reaction of a
fatty acid anhydride with sodium isethionate, using
boric acid catalyst (7).

Fewer methods for the preparation of N-methyl-
N-(2-sulfoethyl) amides have been reported: (a)
The reaction of fatty acid chloride with an aqueous
solution of N-methyltaurine (2,8). (b) The direct
condensation of a fatty acid with N-methyltaurine at
220-260 C (9).

Despite the many methods of synthesis, the cost
of the 2-sulfoethyl esters and the N-methyl-N-(2-
sulfoethyl) amides has not been reduced sufficiently
to capture an important share of the household
market.

1 Presented at the ISF-AOCS Meeting in Chicago, September 1970.
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. In earlier work of this laboratory (10,11) the fatty
isopropenyl esters were found to be effective and
convenient agents for replacing the active hydrogen
atoms of alecohols, amines, amides and imides with
fatty acyl groups. It was decided therefore to test
the suitability of fatty isopropenyl esters for the
preparation of 2-sulfoethyl esters and N-methyl-N-
(2-sulfoethyl) amides as follows:

(a) RCO.C(CH;3) = CH,+ HOCH,CH,SO3Na —
RCOzCHgGHzSOgNa +
CH;COCH;

(b) RCO2C(CH3) = CH,+ HN(CHj;)
. CHQCHzSO3Na b d
RCON (CH3)CH,CH,SO3Na +
CH;COCH;

“Although more than 50 patents have been granted
in the past 40 years on the preparation and applica-
tions of the 2-sulfoethyl esters and N-methyl-N-(2-
sulfoethyl) amide; relatively few data on pure com-
pounds have been published. A second objective was
therefore to provide a survey of the physical and
surface-active properties of these compounds. In the
present work, pelargonie, laurie, myristie, palmitie,
stearic, oleic, phenylstearic and hydrogenated tallow
fatty acids were converted to the 2-sulfoethylesters
and N-methyl-N-(2-sulfoethyl) amides and evaluated
for Krafft point, surface and interfacial tension,
critical micelle concentration, rates of hydrolysis,
detergency, foam height, calcium stability, wetting
ability, metallic ion stability and lime soap dispersing
power.

Experimental Procedures
Materials

Commercial grade pelargonie, laurie, myristie,
palmitie, stearic and oleic acids were purified to
96% minimum purity by fractional distillation.
Phenylstearic acid was purchased from Barlow
Chemical Co., Ossining, New York, and contained a
mixture of Cg-Cy7 position isomers. Wilmar hydro-
genated tallow fatty acid, obtained from Wilson-
Martin Co., Philadelphia, Pa., was composed of stearic
(64.6%), oleic (1.3%), palmitic (29.7%), myristic
(4.0%) and lauric (0.2%) acids. Purified propyne
was supplied by Airco Industrial Gases, Riverton,
New Jersey. Sodium isethionate, supplied by GAF
Corporation, New York, was dried azeotropically with
benzene. The percent ash calculated as Nap,SO4 for
CoH50,SNa was 47.93; found: 47.92 N-methyltaurine
sodium salt, received as a 35% aqueous solution from
GAF, was dried azeotropically with benzene and then
reerystallized from 95% ethanol. The per cent ash
caleulated as NaoSO, for CsHgNO;SNa was 44.05;
found: 43.93.

Isopropenyl Ester Preparation

The isopropenyl esters are readily synthesized by
the addition of propyne to carboxylic acids under
pressure, using the zinc fatty acid salt as catalyst.
Dgt'ails of the preparation and physical constants
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for the products will be the subject of a forthcoming
paper (12).

Acylation L

Sodium 2-Sulfoethyl Stearate (Sodium 2-Hydrozy-
ethanesulfonate Stearate (Ester) or Stearic Ester
With Sodium 2-Hydroxyethanesulfonate). A mixture
of 0.075 moles isopropenyl stearate, 0.093 moles
sodium isethionate and 0.001 moles p-toluenesulfonic
acid was heated at 200 C in a Wood’s metal bath for
30 min in the apparatus shown in Figure 1. Acetone
vapor, the only by-product, began to form within
the first minute. Unreacted isopropenyl stearate was
acetone-extracted from the cooled reaction product.
The 2-sulfoethyl ester, which contained sodium
isethionate, was obtained in 95% ecrude yield, and
was subsequently crystallized three times from 50%
ethanol to produce a white crystalline product in
78% yield. Analysis: Calculated for CgoH3eSOzNa:
C, 57.94; H,9.48; S, 7.73; Na, 5.55. Found: C, 57.74;
H, 9.50; S, 7.74; Na, 5.47.

Sodium N-Methyl-N-(2-Sulfoethyl) Stearamide (N-
Methyl-N-Stearoyltaurine Sodium Salt). A mixture
of 0.075 moles isopropenyl stearate, 0.092 moles N-
methyltaurine sodium salt and 0.001 moles p-
toluenesulfonic acid was caused to react at 200 C for
90 min in the apparatus shown in Figure 1, producing
a 95% crude yield of sodium N-methyl-N-(2-sulfo-
ethyl) stearamide and N-methyltaurine. Acetone ap-
peared 17 min after the reaction flask was immersed
in the bath. The product was crystallized three times
from 50% ethanol to produce a white crystalline
material in 70% yield. Analysis: Calculated for
C21H,NSO.Na: C, 58.98; H, 9.90; N, 3.28; S, 7.50;
Na, 5.38. Found: C, 58.66; H, 10.06; N, 3.06; S,
7.66; Na, 5.40.

Elemental analyses were determined for the other
five chemical individuals of each type. Range of
deviation from theory for the 2-sulfoethyl esters was:
C, .30 to .50; H, .05 to .25; S, .04 to .34; Na, .01
to .05. Range of deviation for the N-methyl-N-(2-
sulfoethyl) amides was: C, .10 to .40; H, .04 to .41;
N, .10 to .30; S, .07 to .44; Na, .01 to .09.

Hydrolysis Studies

Acid hydrolysis was measured in 100 ml hot
distilled water solutions, containing 0.005 moles HC1
and 0.005 moles 2-sulfoethyl ester or N-methyl-N-(2-
sulfoethyl) amide. Temperature was maintained at
60 C and 100 C. Ten-milliliter samples were with-
drawn, diluted ith 75 ml of neutralized 95% ethanol,
and titrated with 0.1 N NaOH at suitable intervals,
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Fie. 1. Apparatus for the reaction of isopropenyl esters
of fatty acids with sodium isethionate and N-methyltaurine.

using phenolphthalein indicator. Separate titration
of same strength of n-valeric acid with equal molar
amounts of N-methyltaurine, sodium salt, showed
that the amine did not effect the phenolphthalein end

“point (pH 10.0 in alecohol) or interfere with the

accuracy of the acid titration. Amount of reaction,
x, was determined from the increase in acidity, and
first order kinetics were calculated according to the
equation k; = 1/t - In a/(ax). Time for 50%
hydrolysis was determined from the log(a-x) vs. t
plot.

Alkaline hydrolysis was measured at 60 C and
100 ml hot distilled water solutions, containing 0.005
moles NaOH and 0.005 moles of 2-sulfoethyl ester or
N-methyl-N-(2-sulfoethyl) amide. Samples of 10 ml
were withdrawn and titrated at intervals, with 0.1 N
HCl, using phenolphthalein indicator. Second order
kinetiecs were calculated, according to the equation
ke = 1/t - x/a - (a-x). Time for 50% hydrolysis
was determined from the 1/(a-x) vs. t plot.

Physical and Surface Active Properties

Melting  points were determined on the Fisher-
Johns apparatus. The Krafft point was measured by
gradually heating a 1% dispersion until it became a
clear solution. Surface tension and interfacial tension
at the petrolatum-water interface were measured on
0.1% distilled water solutions with the du Noiiy
tensiometer. The critical micelle concentration (eme)
was measured by the pinacyanole chloride titration
(13).

Foam heights were determined on 0.25% solutions
of active ingredient in distilled water and 0.05%
active ingredient plus 0.20% builder in 300 ppm
hard water using the Ross-Miles Foam Test (14).
Detergency, the average of 10 measurements, was
measured as the increase in reflectance, AR, after
washing 10 swatches of standard soiled cotton in the
Terg-O-Tometer for 20 min at 60 C and 110 ecycles/
min. The Draves Cotton Skein Test (15) used a 5 g
cotton skein with a 3 g hook on 0.1% distilled water
solutions to determine wetting ability. The sur-
factants’ tolerance for calcium ion was measured by
the calcium stability test (16). The lime soap disper-
sion test (17) measured the ability to disperse the
insoluble soaps formed in hard water. Metallic ion
stability (18) was determined by titrating 1% salt
solutions (Ca**, Mg**, Cu*, Al*", Ba*, Fe**, Pb*,
Zn*t and Ni*) into 1% solutions of sodium 2-sulfo-
ethyl oleate and sodium N-methyl-N-(2-sulfoethyl)
oleamide, until solutions became turbid. The metallic
ion stability (18) was recorded as 10 times the num-
ber of milliliters of added 1% metal salt solution
which produced turbidity in 10 ml of 1% surfactant
solution. If the surfactant tolerated 10 ml of 1%
metal salt solution, it was rated as 100.

Results and Discussion

The 2-sulfoethyl esters were readily prepared by
the reaction of the fatty isopropenyl esters with
sodium isethionate at 200 C with isopropenyl stearate
for example, heating for 10, 20 and 30 min afforded
crude yields of 89%, 91% and 95%, respectively.

In the preparation of sodium N-methyl-N-(2-sulfo-
ethyl) stearamide, acetone did not appear for 17 min,
owing to an induction period. Previous work (19)
demonstrated that p-toluenesulfonic acid was neces-
sary to acylate amines. Reaction times of 45, 60
and 90 min resulted in 88%, 94% and 95% crude
yields.



. TABLE I
Physical Properties of 2-Sulfoethyl Esters and N-Methyl-N-(2-Sulfoethyl) Amides

Surface (ST) and inter-

3 Krafft facial tension (IT), 0.1%,
) Melting point, C dynes/cm Critical micelle

Sodium point, 1%, concentration (13),

salt (o] C ST IT mmoles/liter

2-Sulfoethyl :

pelargonate 240-242 <0 51.4 24.3 42.4
laurate 216-218 30 46.6 20.7 6.4
myristate 191-193 39 37.62 9.52 2.0
palmitate 176-177 51 36.72 8.82 Insoluble
stearate 169-170 59 35.12 7.88 Insoluble
oleate 146-148 <0 36.0 5.2 0.23
ghlfnyls:earate {.Eorﬁlgu <52 35.6 5.2 0.09
allowate - 33.82 7.

N-Methyl-N- (2-sulfoethyl) 0 Tnsoluble
elargonamide 224-225 <0 61.0 377
auramide 207-208 <0 49.6 24.5 7

myristamide 201-203 23 41.0 13.6 1.82
palmitamide 187-188 43 40.4 12.0 0.43
stearamide 171-173 58 37.8 10.3 Insoluble
oleamide A 162-164 <o 39.3 10.9 0.29
phenylstearamide Amorphous <0 32.0 9.4 0.16
tallowamide 163-165 50 37.9 10.5 Insoluble
Oleyl sulfate 124-125 <0 85.8 7.4 0.29
Methyl a-sulfostearate 175-176 39 39.7 8.4 0.16

® Measured at 35 C.

Physical properties are recorded in Table I. Melt-
ing points decreased with increasing molecular
weights for both the 2-sulfoethyl esters and N-methyl-
N-(2-sulfoethyl) amides. As a result of high Krafft
points, surface and interfacial tensions of some of the
2-sulfoethyl esters were determined at 35 C. Deriva-
tives of pelargonic acid had high surface and inter-
facial tension values as well as high cme values,

indicating that they are simple ions rather than-

colloidal electrolytes. Surface and interfacial tension
values as well as eme for the others decreased with
inereasing molecular weight and were similar to those
of the alkyl sulfates and esters of a-sulfofatty acids.
All of the compounds are soluble in 95% and absolute
ethanol but insoluble in chloroform, toluene and
hexane.

Surfactant properties are reported in Table IIL
The values for the pelargonate derivatives are
atypical for detergents. Foaming ability and deter-
gent values increased as the hydrocarbon chain
lengthened to Ci14-Cis. The 2-sulfoethyl esters and
N-methyl-N-(2-sulfoethyl) amides were equal in foam
height and wetting ability. The 2-sulfoethyl esters
were better detergents, but the N-methyl-N-(2-sulfo-
ethyl) amides were superior in calcium stability and
lime soap dispersing power. High detergency values
and good lime soap dispersion suggest that the 2-
sulfoethyl esters and N-methyl-N-(2-sulfoethyl)
amides might be effective in mixtures with soap
and other surfactants. Results of Table IIT show

that both types compounds. exhibit synergism in com-
bination with sodium methyl a-sulfotallowate (NaMea-
ST), linear alkylbenzenesulfonate and soap. Values
of 100 indicating good ion stability were found for
Mg, Cut*, Al"*, Fe**, Zn** and Ni** in both types
of compounds. Each was sensitive to Ca**, Ba** and
Pb**. Values of 26, 20 and 36, respectively, were
determined for sodium 2-sulfoethyl oleate; 68, 28 and
60, respectively, for sodium N-methyl-N-(2-sulfo-
ethyl) oleamide. Times for 80% Dbiodegradation of
5 ppm solutions by the “River Water Die Away” test
(20), were 19 hr for the 2-sulfoethyl esters and 62
hr for the N-methyl-N-(2-sulfoethyl) amides. These
values approximate those of the alkyl sulfates, ie.,
sodium oleyl sulfate, 26 hr, and are less than those
of esters of a-sulfofatty acids, i.e., sodium methyl a-
sulfostearate, 93 hr.

Acid and alkaline hydrolysis rate constants, to-
gether with the time required for 50% hydrolysis,
are listed in Table IV. Hydrolysis of the 2-sulfoethyl
esters at 80 C and 100 C in either acid or alkali was
too rapid to measure. These values indicate the
greater stability of the N-methyl-N-(2-sulfoethyl)
amides compared to the 2-sulfoethyl esters.

The present work demonstrates the advantages of
the isopropenyl ester method of synthesis. It provides
high yields in short reaction times with acetone as the
only by-product. The 2-sulfoethyl esters and N-
methyl-N-(2-sulfoethyl) amides are obtained as white
powders and free of inorganic salts. Through the

TABLE II
Surfactant Properties of 2-Sulfoethyl Esters and N-Methyl-N-(2-Sulfoethyl) Amides
Foam height (14) Detergency
0.05% + 0 oAslr} + Wetti
. K n,
60 C, 0.1% N%‘A + 60 C 0.1% N?I‘A + time (15%, Calcium Lime soap
0.25%, 0.1% 0.25%, 0.1% .1%, stability dispersin
Sodium Dist. builder, Dist. builder, 50, (16), power (17),
salt H20 300 ppm H:20 300 ppm sec ppm %
2-Sulfoethyl

upgfargonate 60 47 29.4 27.5 >3800 >1800 20
laurate 283 165 34.9 28 [ 10 4 138

myristate 219 200 33.4 33.3 15 320
palmitate 223 : 220 33.6 38.9 252 300 7
stearate 194 183 38.9 40.3 >8002 280 9
mEom Gp @ a8

henylstearat 9 X
galf:;:tt: al: bl 210 198 37.0 389.1 612 620 10
N-Methyl-N- (2-sulfoet!

peﬁirgofmml;de ) 43 43 26.8 26.8 >300 >1800 90
*  lauramide 193 165 29.3 27.6 49 1800 7
myristamide 225 210 83.0 30.7 16 1800 8
palmitamide 192 213 80.6 82.3 36 1800 6
stearamide 190 163 81.9 34.2 98 >1800 6
oleamide 220 212 819 32.0 >1800 [}
phenylstearamide 164 153 88.9 85.1 >800 >1800 18
tallowamide 206 193 29.7 83.5 9 >1800 [}

& Determined at 35 OC.



TABLE III
AR® Values, Detergent Mixtures, 300 ppm H:20, 60 C

Component B

N-Methyl-
2-Sulfo- N-(2-sulfo-
ethyl ethyl)
stearate, stearamide,
sodium sodium
salt salt
0.05%
A 0.025% A + 0.025%
Component 0.02% B +40.19 NTA 4
A builder? 0.1% builder
Sodium hydrogenated
tallow alcohol
sulfate 42 43 42
Sodium methyl a-
sulfotallowate . 30 35 33
Linear alkylbenzene-
sulfonate 31 36 33
Soap from tallow
fatty acids 27 40 37

a AR, increase in reflectance after washing.

b Builder, 55% NasP3Ow, 249% Na280s 10% NasP207, 10% Na
Metasilicate, 1% carboxymethyl cellulose.

TABLE IV
Rate Constants, Acid and Alkaline Hydrolysis
Tem- 0.005 M HCl1 0.005 M NaOH
per-
Sodium ature, t/2.b to/2d
salts [} ka2 min kee min
2-Sulfoethyl
stearate 60 0.045 15 0.35 65
100 ° ° e e
N-Methyl-N-(2-
sulfoethyl) 60 0.00038 1100 t t
stearamide 100 0.00024 280 <0.00002 >1000

aki (first order reaction), 1/t - 1In a/(a-x) (min-1),
bt1, time for 50% acid hydrolysis.

¢ke (second order reaction), 1/t * x/a(a-x) [liters/(mole) (min)].’

dt2 time for 509 alkaline hydrolysis.
e Too rapid to easure.
f Too small to measure,

acceleration of the reaction rates and purity of prod-
uets, the isopropenyl ester synthesis might effect a
cost reduction, thus increasing the use of these types
of surfactants in the textile and detergent industries.
The advantages of this method should also be ap-
plicable in the preparation of other types of sur-
factants, such as derivatives of ethylene glycol, di-
ethanolamine, glycine, sarcosine and protein hydrol-
yzate.
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